North America (NA) is analyzed in atmosphere-only, and coupled last-millennium, historical, 25 3. The assumption of teleconnection stationarity is potentially unwarranted.
1. The ENSO-North American hydroclimate teleconnection is non-stationary in models. constituents; 2) Sixteen 500-year control simulations with constant preindustrial (pre-1850 C.E.) 126 boundary conditions using the same models as in the collection of historical runs [Taylor et al., 127 2011] ; and 3) Seven last millennium (LM) simulations (850-1850 C.E.) forced with 128 reconstructed time varying exogenous forcing conditions [Schmidt et al., 2011] . As a 129 compliment to the fully-coupled runs, we use an uncoupled atmosphere-only ensemble 130 comprising ten sets of atmosphere model simulations with ensemble sizes between one and ten 131 from the Atmospheric Model Intercomparison Project (AMIP-a total of 32 simulations). Each 132 ensemble member consists of an atmospheric simulation forced with the same observed SST 133 boundary conditions for the period 1979-2008 C.E. All output from the above collection of 134 simulations has been regridded to a common 2.5°x2.5° latitude-longitude grid to match the 135 reanalysis dataset (for 66% of the simulations this represents a spatial degradation of the data). 136
The reanalysis data are taken from the National Oceanic and Atmospheric Administration 137 NCEP/NCAR Climate Data Assimilations System 1 project [Kalnay et al., 1996] . The monthly-138 resolved data span the period January 1949-2012 C.E. on an equal area 2.5°x2.5° latitude-139 longitude grid. The reanalysis product uses a frozen analysis/forecast system with data 140 assimilation of past observations and is an established dataset for assessment of interannual 141 upper air variability. 142
20
th -Century Teleconnection Variability. The analyzed model fields are surface temperature 143 and 200mb geopotential height. The latter was chosen over precipitation because it comprises a 144 more spatially and temporally homogeneous representation of the NA teleconnection, and 145 because it is the ultimate driver of the precipitation variability. For both fields the climatology 146 (calculated over the full simulations and the full length of the reanalysis) has been removed andthe December-January-February (DJF) anomalies averaged. Winter averages were chosen 148 because winter is the dominant period of precipitation forcing by ENSO in Western NA 149 [Trenberth et al., 1998] . 150
The teleconnection is defined by the grid-point correlation between DJF average 200mb 151 geopotential height fields and the DJF average Niño 3.4 (170°W-120°W, 5°N-5°S) SST index. 152
The resulting correlation field indicates both the teleconnection strength and its spatial features. 153
As an estimate of the observed teleconnection pattern, the correlation field was calculated for 154 following Santer et al. [1995] ) was calculated between these reanalysis teleconnection patterns 158 and the teleconnection patterns from the models over the NA region (160°W-50°W, 70°N-20°N) . 159
The CPCS is equivalent to a Pearson's product-moment linear correlation between spatial values 160 [Santer et al., 1995] . 161 Figure 3D , the range in the CPCS between the model and reanalysis 236
EOFs is compared to teleconnection stationarity to determine if models with large multi-decadal 237 variability in the spatial expression of ENSO have nonstationary teleconnections. There is aweak positive relationship, indicating that temporal changes in the spatial character of ENSO 239 exert a limited control on the stationarity of the NA teleconnection. 240
To further characterize the spatial nature of modeled ENSO, the first EOF of the DJF 241 tropical Pacific SST anomaly was calculated for each control run using a 56-year sliding window 242 (incremented by one year, thus including overlap) and compared, using the CPCS statistic, to the 243 same field from the reanalysis. The top eight segments for each simulation, as determined by the 244 largest variance explained by the first mode of tropical ocean variability, were subsequently 245 chosen for analysis. This method of segment identification was done in order to maximize the 246 ENSO-forced extratropical atmospheric signal, using the rationale that segments with a dominant 247 first mode of tropical Pacific ocean variability will contain less "noise" from secondary patterns 248 in the tropical Pacific ocean. Additionally, there is a 0.86 correlation between the variance of the 249 Niño3.4 index and the percent variance explained by the first EOF across all models, thus the 250 identified segments will also have the largest ENSO amplitude. The results are plotted in Figure  251 3E and indicate that the modeled and observed teleconnection will compare well when both 252 strong ENSO variability exists and when the model's spatial features match those of the 253
reanalysis. 254
The statistical significance of the relationships in Figure 3 are investigated using 255
Pearson's correlation coefficients. Despite our use of this metric for a quantitative description of 256 the variable associations, there is no reason to assume that the functional form is linear or that the 257 relationship can be fully captured given the small sample size. While there is clearly a 258 relationship between temporal and spatial changes in ENSO and the NA teleconnection, the 259 correlations are weak (Table 1) . This is not surprising given other sources of atmosphere-ocean 260 variability. Nevertheless, the correlation in Panel 3E, our best attempt to isolate the signal of the and drives changes in the atmospheric teleconnections, the 56-year reanalysis period may not be 274 sufficient for adequately representing the character of the teleconnection over long timescales. In 275 particular, the impact of non-stationary teleconnections on regional precipitation variability must 276 be better understood, particularly given the range of reconstruction (e.g. MacDonald and Case 277
[2005] and D'Arrigo et al. [2005] ) and forecasting efforts (see Barnston et al. [2009] for a review 278 of seasonal forecasting efforts) that rely on the stationarity of the observed teleconnection. 279
Our conclusions also have important implications for efforts to explain the hydroclimate 280 history of western North America and its links to tropical Pacific climate variations. In particular, 281 further characterizations of inter-model differences and outliers, as well as a more robust analysis 282 of the coupled atmosphere ocean dynamics that drive temporal variations in simulated 283 teleconnections, will provide improved understanding of teleconnection behavior and model 284 performance. Furthermore, attempts must be made to relate teleconnection fidelity and 285 stationarity to hydroclimate impacts on decadal to multi-decadal timescales [e.g Coats et al., 286 2013; Coats et al., in prep.] . Such efforts will improve characterizations of uncertainties in future 287 projections of regional hydroclimate tied to large-scale teleconnections. ). The four panels are the teleconnection pattern over 160°W-50°W, 70°N-20°N for the reanalysis (top), the most and least realistic segments (middle top and bottom panel respectively) and the model ensemble average (middle bottom). The colorbar range is -1-blue to 1-red. LM ranges have been included as per their availability in the PMIP3 archive. Only models with 500-year control simulations were included, as a consequence the GISS-E2-R and F-Goals models only have a LM simulation. 
